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RÉSUMÉ 
Les cédraies-chênaies d' Aïn Kahla (Moyen Atlas, Maroc) sont soumises au surpâturage 
par les troupeaux de moutons lesquels sont beaucoup moins présents dans les forêts du Parc 
National du Djurdjura (Algérie). Au Maroc, le surpâturage a induit une réduction de la 
diversité spécifique végétale. Les singes d' Aïn Kahla passent ainsi plus de temps à s'alimenter 
des produits du cèdre que ceux du Djurdjura. Ils les écorcent et en sucent les fleurs mâles pour 
ingérer la sève, un comportement non observé en Djurdjura. Notre étude montre que 
l 'écorçage par les singes ne répond ni à un manque d'eau libre, ni à un déficit de teneur en 
eau des aliments, ni à une réduction des disponibilités alimentaires. Consommer de l'écorce 
n' augmente pas la proportion d' eau ingérée. L'écorçage pourrait être une conséquence d'un 
déficit en certains nutriments que les singes peuvent trouver dans la sève. Les dégâts causés 
aux arbres par les singes inquiètent les forestiers. Une gestion forestière qui favoriserait la 
diversité spécifique végétale et l 'extension d'espèces herbacées et d' arbustes similaires à ceux 
consommés par les singes d'Algérie, pourrait conduire à une diminution de l'écorçage. 
SUMMARY 
Cedar-oak forests of Aïn Kahla (Middle Atlas, Morocco) suffer from overgrazing white 
those of Djurdjura (Algeria) belong to a National Park where sheep herds are Jess frequent. 
Overgrazing yields to lesser plant specifie diversity. Monkeys of Aïn Kahla spent more time 
eating cedar resources than those of Djurdjura. Only in Morocco monkeys stripped bark and 
sucked male flowers to get sap. Damages of trees by the monkeys worry foresters. Our study 
suggests that bark stripping is neither induced by a reduction of free water availability, water 
content of food resources nor a reduction of food availability. Bark stripping does not induce 
an increase of water intake. Bark stripping could be a consequence of a lack of sorne nutrients 
that monkeys could get from the sap. Managing forests in order to increase plant specifie 
diversity and to favor the extension of herbaceous and shrub species similar to those eaten by 
Algerian monkeys, might result in a decrease in bark stripping. 
INTRODUCTION 
Barbary Macaques colonize temperate habitats of North Africa characterized 
by marked seasonal climatic variations. They live in various forest types including 
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cedar-oak, deciduous oak and pine forests which are progressively reduced by 
human pressure. The Barbary Macaque is an eclectic feeder, which varies its diet 
depending on the season and the habitat type (Deag, 1983 ;  Mehlman, 1984, 1 988; 
Ménard, 1 985; Ménard & Vallet, 1 986). These abilities allow them to adapt to 
extreme habitats such as rocky mountains (Ménard et al. , 1 990) and damaged 
forests (Deag, 1974 ). In the cedar-oak forest of Morocco, monkeys strip bark of the 
cedar trees, inducing serious forest management problems (Deag, 1983 ;  Drucker, 
1 984). Bark stripping was already mentioned in the 1 940 foresters ' official reports. 
Bark feeding has also been reported in Japanese Macaques (Macaca fuscata) on 
various tree species in various habitat types (Wada, 1983 ,  Nakagawa, 1 989; 
Watanuki et al. , 1 994) . Japanese Macaques changed food from buds to bark when 
buds were no more available. The reason why Japanese Macaques did not shift 
their foods to resources other than bark remains to be specified. For Barbary 
Macaques, Drucker suggested that "the most likely explanation (of bark stripping) 
is the need for water during drought periods". The aim of our study is to test this 
hypothesis in comparing the diet of monkeys in two cedar-oak forests, one .in the 
Middle Atlas (Morocco) where monkeys strip bark, and the other in the Djurdjura 
National Park (Algeria) where bark stripping has never been observed. According 
to Drucker' s  hypothesis, we could expect that monkeys increase bark stripping -
1 )  when free water supply is not sufficient and water content of food items cannot 
compensate for this lack and - 2) if the bark provides more water than the other 
available food items. 
MATERIAL AND METHODS 
STUDY SITES, STUDY PERIOD AND GROUPS 
In Morocco, one group (35 individuals) was observed in the Aïn Kahla forest 
(Middle Atlas, 5°  15  E, 33° 1 5  N) from April to October 1 995, covering the bark 
stripping period (Deag, 1 983). The group was localized in a part of the forest that 
has been overgrazed but where sheep herds entrance is severely reduced since 
3 years. In Algeria, a long term study was carried out on one group (46 individuals) 
followed in the Tigounatine mountain (Djurdjura National Park, 4° 8' E, 36° 27' N; 
Ménard & Vallet, 1 988, 1 996, 1 997). Only the results obtained between April and 
October of the years 1 984 and 1 985 are given. 
In Morocco, the study area was located within a zone where the mean annual 
rainfall is 855 mm ( 1 933- 1 969, Deag, 1 974; 837 mm in 1 98 1 ,  Drucker, 1 984) . 
However, the values observed between 1 990- 1 995 were reduced (3 1 0-693 mm). 
During the year of study at Aïn Kahla rainfall reached 536 mm. In Djurdjura, mean 
annual rainfall were 1 4 10  mm between 1 9 1 3 - 1 93 8  (Seltzer, 1 946) and 1 000 mm 
between 1 968- 1 976. While at both sites rainfall appeared to decrease, it remained 
higher in Djurdjura than at Aïn Kahla. These differences were mainly due to higher 
winter rainfall (Fig. 1 ) .  Rainfall were sirnilar at both sites between April to 
September, being the lowest in July-August. 
RESOURCE A V AILABILITY 
At both sites, the phenology of plants was noted each month. A priori, ali 
plant parts or plant species have been considered as potential food resources. 
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Monthly variations of resource availability at the herbaceous layer was estimated 
by measuring herb cover within 1 -2 m2 quadrats spreaded over the different forest
types (for further details, see Ménard & Vallet, 1 988). At the shrub and tree level, 
only the presence/absence of different resources was noted. 
DIET AND WATER CONTENT OF FOOD ITEMS 
The activity and the food eaten by five randomly chosen individuals were 
recorded during "instantaneous and scan" samples (Altmann, 1 974) every 15 min­
utes from dawn to dusk, during 5-6 days each month. 789 and 1 348 samples were 
completed on Moroccan and Algerian groups respectively corresponding to 1 546 
and 1 540 observations of food ingestion. Water content of food items was 
measured after drying fresh food in an oven at 70 ac or sun dried in a glass 
container in the presence of CaCl2 . Dryness was completed when a sample 
maintained a constant weight. Monthly and interhabitat variations of the water
content of the diet ( W rn )  was estimated as follows:
Wm = [ TW/TF] 100
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where W rn is the water content of the diet for month "m"; TW is the Total weight 
of Water per 100 intakes and TF is the Total weight of Fresh food per 1 00 intakes. 
One intake may be composed of severa! units of a given food category (seeds, 
leaves . . .  ). TW = ( Li! Ri x Fi x wi ) ; TF = ( Li! Ri x Fi ) ; Ri is the percentage of 
intakes of the item "i" ; Fi is the fresh weight of the item "i" intake; Wi is the water
content of the item "i" . 
In order to test whether there is an advantage to eat bark, we calculated for 
each mon th the water content of the diet considering that bark was replaced by the 
other food items eaten by monkeys. 
We calculated the correlation between water availability, either rainfall or 
water content of food resources, and the time spent stripping bark (Spearman rank 
correlation, Siegel, 1956). 
RESULTS 
RESOURCE A V AILABILITY 
The number of species available to monkeys was greater at Tigounatine than 
at Aïn Kahla (27 1 vs 1 06), especially at the herbaceous layer (240 vs 85).  At both 
sites, resources were the most abundant in spring. Then, they dropped dramatically 
during the dry period in summer and increased again in autumn since the 
beginning of the rainy period. Such variations were exemplified at the herbaceous 
layer (Fig. 2; see also Ménard & Vallet, 1 988,  1 997 for further details in 
Tigounatine). Herb cover teached a maximum of about 50 % in Tigounatine and 
60 % at Aïn Kahla, including 28 % and 62 % respective! y of grasses. At both sites, 
herbaceous leaves were the principal resources in April and May supplemented 
with cedar seedlings in April. In June, at Aïn Kahla, grass seeds dominated while 
leaves, roots and ftowers of herbaceous species, and ftowers of shrubs and trees 
were available at Tigounatine. In summer, herbaceous leaves dried at both sites. 
However, seeds of seven herbaceous species remained available in Tigounatine. In 
addition, bulbs and rhizomes of eight plant species ( corresponding to 8 % of the 
maximum herb cover) constituted relatively more abundant underground resources 
in Tigounatine than the small roots of Poa bulbosa (Jess than 0 .01  % of the 
maximum herb cover) at Aïn Kahla. At both sites, male cedar ftowers and shrub 
fruits were available in August. In September, acoms reached maturity and 
herbaceous leaves were growing again. 
At Tigounatine, a river provided water to the monkeys ali year long whereas 
there was neither spring nor river in the home range of the Aïn Kahla group. Water 
was temporarily available in at !east 2 1  hollow tree stumps per km2 at Aïn Kahla
and 7 per km2 at Tigounatine. From April to June and in October, precipitation was
abundant enough to till the hollow stumps. 
DIET 
The diet of monkeys was more diversified at Tigounatine than at Aïn Kahla 
( 1 8-52 species and 6-20 species respectively depending on the month, Fig.  3) .  In 
April, May and October, the diet was similar at both sites, including mostly cedar 
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Figure 2. - Monthly variations in herb cover (%) at Aïn Kahla and at Tigounatine and time spent 
feeding on bark at Aïn Kahla. 
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Figure 3 .  - Comparative di et of Barbary Macaques at Aïn Kahla (A) in Morocco and at Tigounatine 
(T) in the Djurdjura National Park in Algeria. The values at the top represent the number of species 
eaten. 
seedlings (April), herbaceous leaves (May) and herbaceous leaves and acoms 
(October) . Acoms were supplemented either with seeds or roots depending on the 
site (Fig. 3 ,  Appendix I, see also Ménard & Vallet, 1986 for further details in 
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Tigounatine). Nevertheless in May, Aïn Kahla monkeys began to strip cedar bark 
and ate cambium and phloem. In June, the monkeys of Tigounatine fed mainly on 
herbaceous leaves, roots and flowers whereas those of Aïn Kahla fed mainly on 
grass seeds and stripped bark (at a maximum rate of 20 %).  In August, monkeys 
at Tigounatine ate mainly seeds and roots of herbaceous plants while at Aïn Kahla, 
they sucked male flowers to get the sap, they stripped bark from cedars and they 
ate herbaceous roots. For the five study months, monkeys of Aïn Kahla spent more 
time feeding on cedar resources (36.3 %) than those of Tigounatine (20.4 % ) .  
At both sites, water content of the diet was the highest in early spring 
(72-83 %, Fig. 4) when monkeys ate mainly cedar seedlings and herbaceous leaves 
(7 1 to 86 % of water content; Table I) . Water content was low in August and 
October (about 66 %, Fig. 4) when monkeys ingested a large proportion of acoms 
(57-60 % of water) at both sites, roots (60 %) at Aïn Kahla or herbaceous seeds 
(3 1 -34 %) at Tigounatine. The main inter-site differences occurred in June when 
water content remained relatively high at Tigounatine (80 %) while it dramatically 
decreased at Aïn Kahla (63 %) due to an increase in the proportion of grass seeds 
(63 % of water content). At that time, adding bark (59-63 % of water) in the diet 
at Aïn Kahla induced a slight decrease in water content compared to a diet without 
bark (Fig. 4). No correlation between bark stripping and the water content of the 
other food items, taken as a whole, was found (Rho = - 0.359, N = 5) .  Variations 
in bark stripping were not correlated with rainfall variations (Rho = - 0. 125, 
N = 5) .  
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Figure 4. - Water content of the diet and frequency of direct water intake. 
Water content: (-+-: Aïn Kahla; -0-: Aïn Kahla, diet without bark; ----: Tigounatine); water 
intake: (--0-- :  Aïn Kahla; . . 0 . . : Tigounatine). 
At Aïn Kahla, monkeys drunk about twice a day (at the maximum of 
0. 1 7  times per observation hour) in May and June (Fig. 4 ). In August, water intake
128 -
TABLE I 
Percentage of water content of the main food items. 
Food items Ain Kahla Tigounatine 
Herbaceous leaves 80-86 
Herbaceous, shrub and oak flowers 78-83 
Cedar seedings 7 1  
Shrub fruits 67-73 
Herbaceous roots 
Poa bulbosa 60 
bulbs and rhizomes 67-74 
Cedar bark 59-63 n.c. 
Ac oms 57-60 
Herbaceous seeds 
grasses 63 
Asphodelus microcarpus 3 1 -34 
Sap of the cedar male flowers > 63 n.c. 
The values represent the range across months of observations and species eaten. n.c. : not consummed. 
The water content of the sap of cedar flowers was estimated as equal to, at !east, the· water content of 
the cedar bark. 
was low, in relation to reduced precipitation. In April, they did not drink although 
water was available. At Tigounatine, drinking frequency increased from April to 
August. Whatever the site, drinking frequency was not correlated with the water 
content of the diet (Rho = - 0.075,  N = 5 at Aïn Kahla, Rho = - 0.58, N = 5 at 
Tigounatine ) .  
DISCUSSION 
At both sites, cedar seedlings constitute a staple food in April. However, Aïn 
Kahla monkeys relied more on cedar resources than Tigounatine monkeys, 
including phloem and the fiower sap. The proportion of time spent in bark 
stripping did not appeared to be related to variations in the abundance of resources. 
Indeed, monkeys began to strip bark in May and June when the production of 
leaves and grass seeds were at a maximum (Fig. 2), when high water content of 
herbaceous leaves and free water were available or when grass seeds provided a 
water content similar to that of bark. By eating phloem, a resource difficult to get, 
monkeys likely searched for the sap rather than for the fiber as suggested by the 
fact that, when available, they shifted to flower sap easier to get. Drucker ( 1 984) 
suggested that when bark eating, monkeys searched for water. However, bark 
stripping was neither related to a decrease in free water availability nor to an 
increase in the proportion of dry resources. In addition, adding bark in the diet did 
not increase water intake. Moreover, in August in Tigounatine, monkeys neither 
stripped bark nor sucked fiowers whereas they had a diet as dry as that at Aïn 
Kahla. At that time however, free water was always available. In addition, we 
observed that at Senoual (Middle Atlas), monkeys stripped cedar bark in July 
although severa! springs provided permanent water. If monkeys did not search for 
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water in bark, it could be hypothesized that they were searching for sorne nutrients 
only available in the cedar sap.  Tree exudates consumed by various Callitrichidae 
have been found to be high energy resource that is rich in calcium (Garber, 1984). 
At Aïn Kahla, grass seeds in June or roots of the single species (Poa bulbosa) in 
August as a staple food might lead to a monotonous diet which cannat cover ali 
the nutritive needs of the monkeys .  However, further analyses on the quality of 
food items are needed to confirm this hypothesis .  
The increase in bark stripping noticed by foresters at Aïn Kahla during the last 
20 years would likely result from a decrease in species diversity, compared with 
Algerian cedar forests, due to an increased human pressure, which induces a low 
dietary diversity. Bark stripping could be a biological indicator of the degradation 
of the forest. Evidences that monkeys do not strip bark to satisfy their needs of 
water are relevant for forest conservation projects with the purpose of reducing 
cedar damage by monkeys. For example, to harness sorne watering places within 
the forest does not seem to be the best way. lt can be recommended to manage 
cedar forest in Morocco in arder to increase plant specifie diversity and to favor 
the extension of indigenous species which are known to be eaten by Algerian 
monkeys, notably those that provide underground resources in early summer. 
APPENDIX 1
Composition of the diet at Ain Kahla, given in percentage of time spent feeding. 
E: occasional intake, < 0.01 %.
April May June August October 
PLANTS 
Tree layer 
Cedrus atlantica seedlings 89.54 2.50 
leaves 1 . 1 6  
male flowers 38 .83 
bark 8.75 20.48 1 8 .24 0.15 
Acer monspessulanus leaves 0.21 0 .59 
Quercus ilex acoms 37.40 
flow ers E 
lichens 0.21 0. 15
Shrub layer 
Juniperus oxycedrus fruits 0.3 1 
Juniperus thurifera fruits 6.47 E 
Crataegus laciniata fruits 3 .71 
leaves 2.50 0.64 
tlowers E 
Rosa canina fruits 2.35 
Rubus sp. fruits E 
llex aquifolium flow ers E 
fruits E 
Hedera helix fruits E 2.50 
Ribes uva crispa leaves 0.43 
buds 1 . 1 6  
Herbaceous layer 
grasses leaves 4.07 62.50 15 .30 
seeds 1 .25 40.94 
1 30 
April May June August October 
roots 1 .25 
Dactylis glomerata leaves E 17 .94 
roots 0.3 1 
Bromus squarosus seeds 0.21 
Bromus sterilis seeds 14.29 
Vulpia sp. seeds 3 .62 
Poa bulbosa roots 1 1 .25 5 .97 15 .29 15 .77 
Cotyledon umbilicus veneris leaves E 
Lotus sp. fruits 2.35 
Trifolium sp. leaves 3 .49 
fruits E 
Daucus carotta seeds 0.21 
Armeria plantaginea fruits 1 .28 
Phlomis sp. leaves 1 .25 
Linaria heterophila seeds 0.21 
Crucianella angustifolia seeds 0.21 
Carduus sp. leaves 0.59 
Catananche coerulea roots 1 .25 0.21 2.35 
Hieracium pseudopilosella roots E 1 . 1 8  
Scolymus sp. fruits 0.59 
undetermined herbaceous species leaves 2.35 8.82 6.34 
roots 2.35 1 .70 
mushrooms 1 .25 0.85 E 0.46 
ANIMALS 
eggs of insect 0.58 1 .25 4.48 1 .76 E 
grasshopper 0.59 
WATER 2.50 0.85 E 0.46 
Number of feeding observations 172 80 47 1 170 647 
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